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system. Second, we will show some results of pharmacologi-
cal intervention targeting adult stem-like cells in kidney. Alter-
ations in the balance of histone acetylation have been shown to
cause aberrant expression of genes that are hallmark of many
diseases such cancer, and several histone deacetylase inhibitors
(HDACIs) are used for cancer therapy but adult stem cells can
be good targets of HDACIs for pharamacologic regenerative
medicine. In this study, we examined whether Trichostatin A
(TSA) prevents progression of chronic renal failure by activat-
ing adult stem-like cells in kidney. As a chronic renal failure
model, we used nephrotoxic serum nephritis in C57BL/6 mice.
Adult stem like cells were analyzed and sorted by fluorescence-
activated cell sorter (FACS) with Hoechst 33342 staining as
side population cells. Daily injection of TSA significantly re-
duced urinary protein excretion and improved glomerular score
by hitopathologic examination. TSA also increased expression
of renoprotective genes such as bone morphogenetic protein-7
(BMP-7), hepatocyte growth factor (HGF), and vascular en-
dothelial growth factor (VEGF) in kidney side population cells
but not in nonside population cells suggesting that side popula-
tion cells are good target for HDACIs. Taken together, existence
of stem cell in kidney remains to be definitely determined, but
adult stem-like cells such as side population cells are good tar-
get for renal regeneration by cell therapy and pharmacologic
intervention.
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For therapeutic kidney regeneration, individual resident re-
nal cells should be integrated into an organized renal struc-
ture, since the kidney is anatomically complicated and resident
cells communicate with each other to fulfill their functions. We
have used a procedure based on the developmental process to
regenerate an organized kidney tissue from human mesenchy-
mal stem cells (hMSCs). Adult bone marrow hMSCs maintain
plasticity and differentiate into several different cell types de-
pending on their microenvironment. hMSCs were transduced
with a retroviral expression vector carrying the gene for b-
galactosidase and with an adenoviral expression vector car-
rying the gene for glial cell line–derived neurotrophic factor,
and injected into a rat embryo immediately before ureteric bud
sprouting [embryonic (E) day 11.5]. The whole embryo was
cultured for 48 hours, and the kidneys were dissected out and
placed into organ culture for 6 days.
5-bromo-4chloro-3-indolyl-b-D-galactopyranoside (X-gal)
assay and in situ hybridization for the human-specific alu se-
quence showed that the donor cells had integrated into the
renal structure; they displayed morphologic characteristics of
glomerular podocytes, tubular epithelial cells, and intersti-
tial cells. Histologic analysis of serial sections showed that
the glomerular epithelial cells were linked to tubular epithe-
lial cells, and some of these extended toward the medulla.
Reverse transcription-polymerase chain reaction (RT-PCR)
analysis also revealed that lacZ-positive cells sorted from di-
gested metanephros expressed genes specific for podocytes
(nephrin, podocin, and GLEPP1) and for tubular epithelial
cells [aquaporin-1, parathyroid hormone receptor1, and Na+-
HCO3− cotransporter-1 (NBC-1)]. Furthermore, when hMSCs
were injected into cultured metanephroi (E13), cell dispersal
was not observed and the hMSCs remained aggregated. Af-
ter 6 days of organ culture, the hMSCs had not contributed
to kidney structures and did not express kidney-specific genes.
These data suggest that during whole embryo culture hMSCs
are involved in an initial step essential for commitment to a re-
nal fate and further undergo a mesenchyme-to-epithelium tran-
sition or stromogenic differentiation during organ culture. To
examine whether the hMSC-positive nephrons are viable, the
procedure was carried out in the Fabry mouse, which does not
express the gene encoding a-galactosidase A. a-galactosidase
A activity was detected in the regenerated kidney and the ac-
cumulation of globotriaosylceramide (Gb3) was significantly
suppressed. These findings, which show that mesenchymal cells
can differentiate into each type of resident cell and organize
into a renal structure, suggest a potential for therapeutic renal
regeneration.
Corresponding author: Takashi Yokoo, Jikei University School of
Medicine, 3–25-8 Nishishimbashi, Minato-ku, Tokyo, Japan.
E-mail: tyokoo@jikei.ac.jp
Lymphatic neoangiogenesis
in human neoplasia and
transplantation as experiments
of nature
DONTSCHO KERJASCHKI
Department of Pathology, Medical University of Vienna,
Vienna, Austria
A plexus of lymphatic vessels guides interstitial fluid, passen-
ger leukocytes, and tumor cells toward regional lymph nodes.
Microvascular endothelial cells of lymph channels (LECs) are
difficult to distinguish from those of blood vessels (BECs) be-
cause both express a similar set of markers, such as CD31, CD34,
podocalyxin, von Willebrand factor. Analysis of the specific
properties of LECs was hampered so far by lack of tools to iso-
late LECs. Recently, the 38 kD mucoprotein podoplanin was
found to be expressed by microvascular LECs but not BECs
in vivo. We have isolated podoplanin+ LECs and podoplanin−
